Abstract African American (AA) women have a higher mortality from breast cancer (BC) compared to European American (EA) women. This may be due to the higher proportion of AA women with tumors that are diagnosed at more advanced stages and are characterized as being estrogen receptor negative (ER-)/progesterone receptor negative (PR-). Our study sought to determine whether self-reported race and percent African ancestry were associated with BC tumor characteristics. In a multi-center, population-based case-control study of BC, we determined percent African ancestry using ancestry informative markers (AIM) among women self-reporting race as AA or Black. BC tumor characteristics were associated with self- Treat (2012) 134:801-809 DOI 10.1007/s10549-012-2099 Similar findings were observed for BC stage. While BC subtypes were associated with self-reported race, BC subtypes were not associated with percent African ancestry. These study results suggest that subtle differences in percent African ancestry are less important than the overall presence of African ancestry in relation to BC tumor characteristics.
Introduction
African American (AA) women in the US experience lower incidence overall but higher mortality rates from breast cancer (BC) compared to European American (EA) women [1] . It is yet unclear to what extent these differences are due to genetic or environmental factors [2] . Accounting in part for the observed racial patterns is the diagnosis in AA women of more aggressive BC, including a larger percentage of estrogen receptor (ER) negative and progesterone receptor (PR) negative tumors, tumors with more advanced stage, and higher grade tumors [3] [4] [5] . Studies reporting a relatively high proportion of aggressive triple negative (ER-, PR-, and HER-) tumors among West African women, the ancestral population for many AA women, have provided some support for a genetic component to the observed racial patterns [6] . However, many studies have demonstrated that racial differences in mammographic screening rates, as well as other factors related to access and utilization of health care, may contribute to differences in survival between EA and AA women, likely due in part to the impact of these factors on stage at diagnosis [7] [8] [9] [10] . In addition, other social, lifestyle, and economic factors, including the impact of poverty, may contribute to racial differences in BC survival, [11, 12] although it is less clear how these lifestyle factors would affect tumor subtypes.
Few studies have evaluated whether genetic admixture predisposes women to certain types of BC. Recently, Fejerman et al. [13] reported through the use of ancestry informative markers (AIM) that higher percent European ancestry within AA women is associated with an increased likelihood of ER?/PR? versus ER-/PR-BC, as well as increased chance of localized versus nonlocalized BC. However, this group observed no associations in the admixture-based genome-wide association analysis, concluding that the association observed with the AIMs data may be a result of racial differences in non-genetic factors or a result of multiple genetic variants each with modest associations to BC. Further information on the extent to which genetic admixture impacts the risk of BC subtypes would be valuable in understanding the contribution of genetic factors to observed racial differences in BC. Our analysis sought to examine whether genetic admixture or self-reported race was related to BC subtypes in our multi-site case-control study of BC.
Methods

Study design
The Women's contraceptive and reproductive experiences (CARE) study was a population-based case-control study of incident, invasive BC conducted in five geographic regions: Atlanta, GA; Detroit, MI; Los Angeles, CA; Philadelphia, PA; and Seattle, WA [14] . Eligible cases were women aged 35-64 years who were diagnosed with BC between July 1, 1994 and April 30, 1998, were born in the US, and resided in one of the five geographic areas. Case ascertainment was conducted by field center staff, and, at four of the study centers (excluding Philadelphia), cases were confirmed through the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) registry. Younger and AA women were over-sampled to approximate a uniform distribution across age strata. Sampling for cases and controls was density based [15] . Potential controls were identified from the same geographic region as cases using random digit dialing with unclustered, equalprobability sampling of phone numbers [16] . Women were asked which of the following categories best described them: ''White,'' ''Black or African American,'' ''Asian or Pacific Islander,'' ''American Indian or Aleut or Eskimo,'' or ''Other.'' The study was restricted to women who reported their race as ''White'' or ''Black or African American'' (for ease, henceforth referred to as self-reported AA race).
Blood samples were sought from all participants with a first-degree family history of BC and from a random sample of those without such family history [17] . This analysis included 2,146 EA women (995 controls; 1,151 cases), and 949 AA women (456 controls; 493 cases). This study was approved by the Institutional Review Board at each participating institution. All women gave written informed consent.
Pathology
Pathology data, including ER and PR status, grade, and stage, were obtained from review of pathology reports, medical records, hospital registry abstracts, and at four of the study cites from SEER files.
Ancestry informative markers
Percent African ancestry was estimated using 128 AIMs described by Kosoy et al. [18] in all women who selfidentified as AA in our study. Using the AIMs genotypes, we estimated the population structure in AA women (of whom 863 of 949 had data available for analysis) with the Yoruban (YRI) and CEPH (Centre d'Etude du Polymorphisme Humain) from Utah (CEU) hapmap populations as anchors (STRUCTURE v2.3) [19, 20] . The estimation of percent African ancestry from the STRUCTURE analysis was consistent with the results from eigenstrat analysis. Furthermore, this classification was assessed for its comparability with results based on self-reported AA race.
Statistical analysis
Percent African ancestry and percent European ancestry across the genome were estimated from AIMs. All analyses accounted for sampling weights using the svy command in Stata. Linear regression was used to estimate whether geographic site contributed to the variance in percent ancestry.
Our primary analysis used polytomous logistic regression to examine associations for BC subtypes with percent African ancestry and with self-reported race. We chose to compare BC subtypes to controls so as to get an estimate of the risk of BC subtypes relative to unaffected controls rather than relative to another affected group. We modeled percent African ancestry as both a categorical variable (\80 %, 80-\95 %, and 95-100 %) with \80 % as the referent category, and, alternately, as a continuous variable comparing 10 % differences in percent African ancestry. To avoid the impact on our model of sparse data for those with \40 % African ancestry (10 controls; 6 cases), we restricted this analysis to women with C40 % African ancestry.
In a case-only analysis performed to assess comparability with Fejerman's analysis [13] , logistic regression was used to compare ER?/PR? versus ER-/PR-; localized versus regional/distant stage; well/moderate versus poor/ undifferentiated grade. Percent European ancestry was modeled as a continuous variable ranging from 0 to 1. The reduced model included family history, age, and study site. The fully adjusted models (for comparability with Fejerman's analysis) included number of live births, age at first birth, age at menarche, menopausal hormone therapy use, menopausal status, body mass index (BMI), family history, age, and study site.
Results
Demographic characteristics of the 3,095 women within this analysis are presented in Table 1 . As published previously, among BC cases, we observed significant differences between White and AA women, such that a greater percentage of White women had first-degree family history of BC, were ever users of estrogen-progestin therapy (EPT) or estrogen-alone therapy (ET), had their first child at age 30 years or older, were menopausal at the time of study, were college graduates, and had a BMI less than 25 [21] .
The mean percent African ancestry in the 863 AA women was 85.7 %. Figure 1 provides the mean percent African ancestry stratified by study site and BC tumor characteristics. The percentage of African ancestry observed for AA women differed slightly by geographic study site (p = 0.02). We observed narrower interquartile ranges of percent African ancestry in Detroit and Philadelphia compared to Seattle and Los Angeles.
When investigating the impact of race on risk of BC subtypes, we first compared women self-reporting as AA to those self-reporting as White (adjusted for age at diagnosis, geographic study site, and family history of BC). For this, we observed self-reported AA women to be at a decreased risk of ER?/PR? BC (OR = 0.7 [95 % CI: 0.6-0.9]), while at a non-significantly increased risk of ER-/PR-BC (OR = 1.3 [95 % CI: 0.9-1.7]) compared to women self-reporting as White (Table 2) . We observed selfreported AA women to be at a 1.4-fold increased risk of regional/distant stage (95 % CI: 1.1-1.7) and a 1.5-fold increased risk of poor/undifferentiated grade (95 % CI: 1.2-1.9). In the fully adjusted model (adjusted for age at diagnosis, geographic study site, and family history of BC, age at first live birth, parity, menopausal status, ever use of menopausal hormones, and BMI), we observed no substantial change in ORs. AA women were still at a 30 % reduced risk of ER?/PR? BC (95 % CI: 0.6-0.99; p = 0.046), a 1.3-fold increased risk of regional/distant stage (95 % CI: 1.0-1.8; p = 0.048), and a1.6-fold increased risk of poor/undifferentiated grade (95 % CI: 1.2-2.1).
Next, restricting the analysis to AA women, we investigated whether the percent African ancestry (based on AIMs) was associated with BC tumor characteristics. We observed no association for percent African ancestry with ER/PR subtypes, stage, or grade when AIMs were modeled categorically or continuously (Table 2 ).
In the case-only analysis, we did not observe a statistically significant association with percent European ancestry among self-reported AA women for ER?/PR? versus ER-/PR-(OR = 0.4 [95 % CI: 0.1-2.7] in the fully adjusted model; 
Discussion
While our findings are consistent with previous studies reporting an increased risk of ER-/PR-BC and a decreased risk of an ER?/PR? BC in AA women relative to EA women [3, 4] , further delineation among AA women according to percent African ancestry based on AIMs did not distinguish any within-race variation in risk of ER/PR subtypes, stage, or grade. In other words, among AA women in our study, the risk of BC subtypes was not sensitive to the finer classification of percent African ancestry. Specifically, we report no association between percent African ancestry and risk of BC subtypes (Table 2) , nor any difference in the proportion of BC associated with percent European ancestry ( Table 3 ). The point estimate less than one (OR = 0.4) for ER?/PR? in relation to percent European ancestry (Table 3) is somewhat surprising given the increased risk of ER-/PR-for self-reported AA women here and in prior findings [3, 4] . But this estimate has corresponding wide confidence intervals and, furthermore, is consistent with our nearly significant finding (OR = 0.9 [0.7-1.0]) of a 10 % decrease in risk of ER-/PR-BC for every 10 % increase in African ancestry reported in Table 2 .
Our AIM findings are not, however, in full agreement with results from a prior study by Fejerman et al. [13] , that used approximately 2,400 AIMs genotyped in 1,484 AA women residing in the US (note, of the 384 AA women from the Los Angeles site of the CARE study included in the Fejerman study, 310 were also included in the current analysis). Fejerman et al. [13] [13] . Our report of no association between percent European ancestry and BC grade is consistent with Fejerman's findings. However, in our analysis of stage and European ancestry, we did not observe a significant increased risk (although the 95 % CI overlaps the findings by Fejerman et al. [13] ). In addition to our analysis of ER?/PR? BC, the 95 % CI excludes their point estimate of 2.8, indicating that our results fail to replicate their finding. Furthermore, our lack of an association with percent European ancestry is consistent with our findings reported here in Table 2 for percent African ancestry using a different analytic approach (i.e., comparison of BC tumor characteristics to controls).
In reconciling our results with those of Fejerman's study, it is important to note a few differences between our analyses. First, we observed a lower mean percent of European ancestry (14 %) and less variability than reported in Fejerman et al.'s [13] data (mean of 23 % European ancestry), indicating that we have a smaller range of percent African ancestry in our sample in which to observe associations with BC tumor characteristics. This difference is likely due to the fact that the cases in Fejerman's study were primarily recruited from the western US, while nearly 60 % of our study's cases were from the Eastern US. As we reported above, we observed greater variability in percent African ancestry from the West coast sites compared to the Eastern US sites. The reduced variability in percent ancestry in our sample could hamper our ability to detect an association, if in particular, those individuals with higher percent European ancestry are driving the associations observed between ancestry and BC subtypes. Secondly, the two analyses used different analysis methods to estimate the percent African ancestry. We used STRUCTURE and eigenstrat to estimate the percent African ancestry, while Fejerman et al. [13] used ANCES-TRYMAP for their analysis likely due to the greater number of markers genotyped in their study. The main difference between these two analytic methods is that ANCESTRYMAP estimates ancestry based on admixture mapping (e.g., local estimates of ancestry) [22] , while STRUCTURE and eigenstrat estimate ancestry more globally. However, Patterson et al. [22] indicate that the underlying methods of STRUCTURE and ANCESTRY-MAP are similar. In addition, our sample was smaller than Fejerman's sample (and was smaller than the sample used in our analysis on self-reported race reported here). However, we calculated that with 456 controls and 493 cases, our study has sufficient statistical power to detect a minimum odds ratio of 1.7 per decile African ancestry.
Finally, we used a subset of the AIMs used in Fejerman's analysis. However, previous studies indicate that this subset of markers yields admixture proportions consistent with the larger set of markers among AAs, including in a validation study reporting that subsets of 30-200 markers were sufficient to characterize ancestry (with correlations of 0.89 and 0.98, respectively, to the larger panel) [23] [24] [25] . With respect to BC grade, our results were consistent with Fejerman's report. However, our findings of no association between percent African ancestry and ER/PR BC are in opposition to Fejerman's findings. Although it is possible that the differences between our studies' methods explain this discrepancy, it is also possible that the percent of African ancestry is perhaps more modestly associated with ER/PR subtypes.
It is also possible that unmeasured, non-genetic characteristics are associated with race account in part for the racial patterns in risk of aggressive BC. As Fejerman et al. [13] acknowledged in light of the lack of associations observed in their genome-wide association analysis, the associations they observed between AIM and BC tumor characteristics may be a result of racial differences in BC risk factors. While their estimates remained significant after controlling for known risk factors (i.e., reproductive factors, BMI, and family history), they acknowledged that unmeasured factors which correlate with race could explain in part the associations they observed. As some social and economic factors cluster among AA women, such as stress associated with poverty and discrimination, these factors may contribute to the observed patterns of incidence in BC subtypes [11, 12] . Previous studies have suggested that elevated cortisol levels associated with social isolation, for example, may have a direct role in the etiology of BC among AA women [26, 27] . Thus, it is plausible that the factors related to AA women's experience will impact BC development [12] . Therefore, the experience of being AA, as reflected through selfreported race, could be more relevant than genetic contributions to BC tumor characteristics. While on the surface, this is not supported by the finding that indigenous African women and AA women have similarities in BC pathology [6] but do not share environmental factors; in the context of social factors, it is plausible that some social factors, such as poverty-related barriers or stress [12] , would also be present for indigenous African women. Our findings of an association with self-reported race but not AIMs need to be interpreted with caution. While these findings suggest that social factors may contribute to racial patterns of BC to a greater extent than genetic factors, before conclusions are drawn more research is needed to investigate contributors to the observed racial differences in BC subtypes. 
